Introduction
Genetic improvement of maize, is a continuous process for forming hybrids and varieties. To enhance a crop, it is important to know the genetic component of the materials used as parents. In any breeding program, the selection of parent germplasm is one of the most important decisions to be taken. In this regard, [1] [2] mention that knowing combining ability of parents improves the efficiency of a breeding program. This allows parents to select good average behavior in a series of crosses, and identify specific combinations with higher than expected behavior. Heterosis is a phenomenon in which the F1 resulting from the crossing of two genotypes, is superior in growth, size, yield and vigor [1] . In this regard, [3] found maximum values of heterosis in tropical maize populations for high quality forage.
Among the methods for studying, the attributes of a set of parents are genetically engineering North Carolina I, proposed by [4] , which identifies superior combinations. The term combining ability means the ability of an individual or a population has, combined with others, as measured by progeny [5] . However, in a population combining ability must be determined by several individuals in order to select those that exhibit the highest combining ability. The general combining ability (GCA), explains the proportion of genotypic variance due to the additive effects of genes, while specific combining ability (SCA) said the proportion of genotypic variance may be due to dominance deviations [6] . Crosses between warm tropical and subtropical germplasm obtained from 18.5% and 38.3% heterosis [6] - [8] mention that the maize breeding the desirable level for utilization of heterosis in crosses is at least 20%.
Inbred lines of different origin, allowing you to explore the great genetic diversity presented in maize, properly handling this material can increase the heterotic response between them [9] . Combining ability information of the sources parental germplasm derived from them, is an important requirement in addition to considering the heterotic response to implement the hybridization efficiency, given the importance of combining inbred parents and not inbred or a combination of both [10] . However, during the selection process, it is important to consider not only the linear effects of genotype x environment, but also the interaction genotype x environment, because through it the efficiency of selection based on genotypic adaptation is detected across environments, which avoids the need to develop specific improvement programs for each particular environment [11] [12] . [13] indicated that it is possible to obtain up to 80 t•ha −1 of fresh forage and 24 t•ha −1 dry (30% dry matter) with a forage grain containing 45% to 50%. Therefore the objective of this study was to estimate and quantify the gene action involved in the crosses of maize lines from elite and the general and specific combining ability, and heterosis of some agronomic traits to select experimental hybrids with high forage yield and grain.
Materials and Methods
The study was conducted in two parts: first the crosses were formed in the spring growing season of 2006, in the experimental field of Antonio Narro Agrarian Autonomous University Laguna (UAAANUL) Unit, geographically located between latitude 24˚30′ and 27˚ North Latitude, and 102˚ and 104˚40′ West Longitude, with 1150 msnm and a dry climate, warm, with average annual temperature of 20˚C -22˚C, low rainfall, deficient rainfall in all seasons and average annual rainfall of 300 mm, with rainfall in the months of September, October and November, the trade winds blow southward at speeds of 27 -44 km•hr −1 [14] . The evaluation of the crosses was conducted in 2007 at two locations and three environments, the first location was the experimental field of UAAANUL, a cycle during the spring and other during the summer cycle, the second location was the Ejido Niagara, Municipality of Aguascalientes, during the spring cycle.
The Ejido Niagara, is located in the western region of the Mexican Plateau, at coordinates 21˚53′ North Latitude, 102˚18′ west longitude, with altitude of 1.870 meters above sea level, the climate is semi-arid, with mean annual temperature 17˚C, the highest temperatures occur in the months of April, May and June and the lowest in the months of November, December, January and February. Rainfall is 526 mm per year, with abundant rains in summer and low intensity the rest of the year. The trade winds blow towards South East-North West during the summer and part of fall [14] .
The genetic material consisted of three groups of inbred lines: the first is used as male testers, consisted of four lines whose origin comes from the Universidad Autonoma Agraria Antonio Narro Unit Laguna (UAAA-NUL), which are characterized by their adaptation to climate the dry tropics, pest resistance and resistance to high temperatures. The second group, formed two male, from lines of the National Institute of Agricultural and Livestock Forestry Research (INIFAP), similar to the above features, and the third group, consisted of 11 lines from the International Center for the Improvement of Maize and Wheat (CIMMYT), which are characterized by their adaptation to tropical and humid subtropical climate, stress tolerance of biotic factors such as disease resistance and drought resistance [15] Sowing was done in the first locality, March 18, in the experimental field of UAAANUL during the spring cycle, and on June 21 during the summer cycle, the second location was, the Ejido Niagara of Aguascalientes municipality, which was seeded on 24 May during the spring cycle. Sowing was done manually, using two rows of 2 m length per parcel with row spacing of 0.75 m, the experimental design of randomized complete block with two replications was used. Thirty days after emergence were thinned leaving six plants per linear meter and 16.6 cm between plants, for a population density of 80,000 plants per hectare.
Fertilization formula 200 N was applied, 90 P, 00 K, in two steps: 50% nitrogen and total phosphorus at the time of sailing, and the rest in the weeding at 42 days after sowing. Four irrigations were applied by gravity, one of sowing and three relief, ensuring that the plants do not suffer from stress during the crop.
Weed control was done manually, two weedings were given before spud and three after weeding earthing up the crop. Pests that arose were budworm (Spodoptera frugiperda) and the black flea (Chaetocnema pulicaria), For the forage yield, the cuts were made at 116 days after planting, when the grain was in milk stage, at both locations with three main three plants per plot were taken, first proceeded to measure the plant height, then separated the three major components of green forage yield and weighed separately: the stem to the shank, the leaves of the plant with leaves and corn. Then he proceeded to take measurements of the diameter and length of the corn cob, then proceeded to get the average per plant in each of the features. For grain yield, harvest was made when the grain was 12% moisture three plants per plot were taken, the cobs were weighed, then proceeded to measure characteristics such as length, diameter, number of rows and kernels per row, then proceeded to flail cob to get the grain yield, the latter proceeded to take the averages for each of the characteristics evaluated. The variables evaluated were: forage yield (FY), stem weight (WS), weight of the leaves of the plant (WLP), weight of corn with leaves (WCL), plant height (PH), grain yield (GY), ear length (EL), ear diameter (ED), number of grains per row (NGR) and number of rows per ear (NRE). Statistical analysis for the evaluated variables was performed with the package [16] , genetic analysis was performed with the design I mating NC, [4] with fixed effects, the linear model is: Yijk = μ + Mi + Hj + Φij € ijk Where i = 1, 2, ··· m (males); j = 1, 2, ··· h (females), k = 1, 2, ··· r (rep) Yijk = observation of cross between male-than djth female in the k-threpetition, μ = average general; Mi and Hj = effect of the ithandjth male female; Φij = interaction effect of the ith male with j-th female; €ijk = experimental error. The estimate of the effects of general combining ability (GCA) for males and females, and the specific combining ability (SCA) for the crosses, was made according to the proposal (SpragueandTatum1941), where:
S ij = Ỵ ij -g i -g j -Ỹ···, and g i , g j y S ij are the effects of GCA and SCA, respectively, for thei-males, j-females and theiri j cross; i Y and j Y are the means of males and females, Y ij is the value of crosses ixj and Ỹ. Is the overall mean of alli jcross.
Results
Analysis of variance showed significant differences (p ≤ 0.01) in the variation source locations in all traits evaluated. This indicates that all variables showed a different behavior in each of the locations, and the importance of evaluation in a larger number of environments. The precipitation could be one of the factors that contributed to obtain the measured results, because in the state of Aguascalientes is a region where rains occur more frequently. In the sourse variation males (M), all variables were highly significant (p ≤ 0.01), except EL, indicating that these features behave differently in the various lines used as males. For the source of variation cross H(M), only ear length, ear diameter and number of grains per row were significant (p ≤ 0.01), plant height, number of rows per ear, resulted with significant (p ≤ 0.05) This may be due to the genetic diversity of the parents. In this regard, [17] found that as the genetic diversity of the parents increases, the differences between their crosses are increased in both agronomic and physiological characteristics. For the source of variation L * M, for forage yield, stem weight, leaf weight of the plant, plant height and grain yield. Indicating the differing effects of these variables, evaluated in male parents in different environments, the remaining variables showed the same behavior in males in different localities. For the crosses for locations L * H(M), weight of corn with leaves, you shows the differences in the weight of the corn, in crosses evaluated in different environments, while the number of kernels per row, only had statistical significance at (p ≤ 0.05). Table 2 ), whereas that M2 on EL was higher with 19.5 cm, although all were statistically equal. The average for the FY variable was of 89.36 and GY was 10.09 t•ha −1 , All variables contributed to performance to be major components for this character. The M6 and M1, male parents had the highest GCA values for FY and are those involved in higher yielding crosses. As these lines resulted with higher values for efficiency and its main components indicating uniformity in the behavior of these genotypes [19] . . The high values of these crosses were due to the high degree of inbreeding of some lines and the effects it has on production ( Table 3 ). The genetic diversity of the three groups of lines shows that combining contrasting characters, it crosses uniformity in all yield components, where there is the possibility that the recombination and selection combine some contrasting lines, heterotic patterns could be defined. The high-yielding hybrids, obtained performance not only of heterosis, but also hereditary factors as multiple interacting genes of additive type, so you must know the relative importance of genetic contribution in the production of hybrids [19] .
General combining ability. The GCA effects ( [20] . According to the observed values, specific combinations where the M6, M1 and M4 male female involved with H1, H2, H3 and H8 lines are observed, so these lines should be considered as potential female progenitors to form hybrids with lines male progenitor UAAANUL and INIFAP. Some researchers have confirmed the genetic potential of these lines with previous work, indicating their genetic merit in hybrid combinations.
GCA values presented by these male and female parents had a greater contribution to the phenotypic expression, consistent with the findings of [8] . With these sequential results and according to the characteristics studied, there may be favorable for improving the performance [21] results. When crossing corn inbred lines to study combinatorial types of skills, behaviors and values depend on the genetic makeup of each parent and the diversity of their origin [22] .
The effects of specific combining ability. These are presented in (Table 5) , were the highest positive values of SCA for yield andits main components. In general it was found that lines with low values of GCA formed crosses within creased expression of SCA and performance, coinciding with [23] . Therefore, it is feasible to identify the best combinations of lines and hybrids in high productivity(for GCA), test and selectonly hybrids combinations where high values of SCA is expressed, even if the low GCA has been the most important for the identification of lines [24] .
The contribution to the variation among the crosses for most of the traits, is attributable to the non-additive interaction effects Male xFemale (MxH) as SCA values were higher than those of GCA, coinciding with that reported by [25] , who found higher values for SCA than for GCA, however, [26] reported significant differences for both sources of variation GCA and SCA. Must also be analyzed for forage quality corn, stems, leaves and pods stem of each leaf, to maximize and complement the research advances in forage maize, where the increase of performance, quality plant and grain is considered [27] . [28] finds that the GCA lines, is the source of most important characteristics of corn forage yield variation, which reinforces the idea of selecting for yield and forage quality. In this work, some were superior hybrids in the future could be commercially exploited, such as crosses, 4 × 8, 4 × 3, 4 × 4 and 5 × 5, so it is necessary to plant them in demonstration plots for farmers to identify them and compare them to hybrids they plant.
Heterosis based on the average parent. For heterosis based on the average parent in FY ranged from 8.0 to [6] . In the cross 6 × 1 (27.1%), 5 × 1 (23.2%) and 4 × 1 (11.6%) were the highest for GY, intervened H1, and this same cross to FY resulted the cross best third (20.2%) and resulted in a very low value in the 5 × 1 with (8.9%), given the above, this cross, participated with the highest and lowest heterosis. These results suggest in RG that between M1 and H2 lines no heterosis, which reflects genetic divergence of both genotypes, indicating common loci for grain yield. All crosses where intervened H2, have low or negative heterosis levels, which may be due to the high yield potential of this line. In this regard, [29] mention that the expression of heterosis is an indicator of genetic divergence, but the absence of it does not Heterosis based on superior parent. The heterosis with respect to superior parent is presented in ( Table 7) . FY is noted that the maximum and minimum value of heterosis was 20.7% to −0.6% corresponding to the 1 × 2 and 6 × 6, respectively crosses. Of the 15 best crosses, three (20%) had negative effects on this variable, while 12 (80%) remaining, showed positive effects of heterosis. For the GY, the values ranged from −18.6 to 27.1% for 1 × 2 and 6 × 1 respectively crosses, three crosses (20%) were positive and 12 (80%) remaining , had negative effects. In populations of maize, the desired level for the use of heterosis in crosses is at least 20% [6] . In this work highlights the crosses 1 × 2 (20.7%), 6 × 1 (27.1%), and 5 × 1 (22.1%) in terms of forage yield and grain, indicating that there is genetic diversity among parents, since heterosis exhibited in their crosses depends on the yielder fitness and genetic diversity of the parents used. It can be seenthat M1, participated in crosses of goodwill and negative heterosis due to the high yield potential of that parent. The 6 × 1 crosses on grain yield (14.49 t•ha −1 ), showed the highest value of heterosis (27.1%) and effect of SCA of 1.78 t•ha . These crosses could have the potential to be used as commercial hybrids. 
Discussion
In the combined analysis of variance significant deference to the source of variation males were detected in all variables except for ear length, indicating that there were environmental differences, climate and soil mainly in different localities. However, for the crosses only features ear length, ear diameter, number of kernels per row, plant height and number of rows per ear, were significant, indicating that they were the most sensitive to environmental changes, this shows the importance of evaluation in a larger number of environments, because in this way a better estimation of genetic effects will be estimated. The coefficients of variation (less than 21.57%) were higher than those obtained by [30] , and similar to those obtained by [11] , because of the genetic diversity in the three groups of lines. The mean squares of GCA effects across males were larger in magnitude than the mean squares of the SCA through their crosses for forage yield and grain, suggesting that the largest proportion of genetic variability it was observed, associated with additive effects, as indicated [31] . While the effects of SCA were greater for the variable ear length, indicating a genetic control no additive variance for this character [5] . According to the comparison of means for parents and their crosses for FY, only two parents showed higher yields than the overall mean (89.36 t•ha −1 ), while the top 15 cross the it exceeded, while for GY three parents were higher than the overall average (10.09 t•ha −1 ) and a 10 crosses the beat, this reflects the high yield potential of 6 × 1, 6 × 3, 5 × 1 and 4 × 1 cross, and the potential of lines M6, M1 and M4 for a program of genetic improvement of maize for grain and forage yield.
According to the results of GCA, were significant effect (p ≤ 0.01) in almost all variables, which indicates that they were of greater magnitude than the mean squares of SCA. This response suggests that the largest proportion of genetic variability observed in the parental lines was associated with additive effects, which highlights and indicates the expression that yield control, the additive effects were the most important in these three groups of lines studied, as indicated [17] . For the yield of green fodder, parent M6 (B-40) resulted in the highest value, while for grain yield, the GCA highest value was for M4 parent (AN-388R). These results suggest that these groups of lines have a high contribution in the expression of their respective progeny performance and the effects of the additive type are important. Regard, [32] noted that the detected major effects of general combining ability, it is feasible to exploit the proportion of additive genetic variance available through any variant of recurrent selection.
On the effects of SCA, for forage yield, 6 × 11 crosses showed negative effects significantly different from zero, what it means, that cross was less than what would be expected based on the GCA of parental behavior. By contrast the 1 × 2, 4 × 1, 2 × 2 and 5 × 9 cross presented positive effects SCA and significantly different from zero (p ≤ 0.01) in grain yield, crosses 1 × 9, 6 × 1 and 5 × 1 different positive effects presented zero. All this suggests that non-additive gene action is involved in the crosses mentioned and that performance can be increased by hybridization. Is interesting to note, that M4, M2 and M5 parents showed negative GCA effects, resulted in three (4 × 1, 2 × 2 and 5 × 9) from crosses with positive effects of SCA and significantly different from zero (p ≤ 0.01 and p ≤ 0.05). In this regard, it was expected that most SCA crosses, have been those resulting from crossing at least one population with high GCA [33] . But not necessarily the lines with high GCA produced promising crosses for grain yield. Similar results were obtained by [34] , across germplasm negative GCA effects and get high and positive values of SCA in crosses.
From the point of view of gene identification purposes used inbreeding programs, GCA effects should be considered so as SCA, depending on specific objectives [35] . So the M1, M4 and M6 parents based on GCA effects could be included in a breeding program for synthetic varieties. Also crosses identified with the greatest effects of SCA could be considered in a breeding program for hybrid formation. With regard to the negative effects of heterosis estimates in this paper, also [36] reported similar values for tropical maize populations. As for the positive values of heterosis, those found in the present study were higher than those found by [6] with some of these same parents, which shows the yielder fitness and genetic diversity of these parents used [37] . Regard [22] showed that across maize inbred lines to study the types of combinatorial skills, behaviors and values depend on the genetic makeup of each parent and the diversity of origin. According to [38] [39], the larger hybrid vigor due to the presence in the zygote of a larger number of key genes in the parents, for joining the dominant genes provided by them, to be expressed in this manner, the effects of heterosis in the progeny.
Conclusion
The yield off or age decreased between 7 and 8.5 times in weight of forage to grain weight in the best crosses. Additive effects were the main component in the expression off or age and grain yield of the studied lines. The highest GCA effects were detected in the M6 and M4 male parents, while 1 × 2, 4 × 1, 1 × 9 and 6 × 1, crosses showed the greatest effects of SCA. The lines with the highest GCA effects can be included in a breeding program for synthetic varieties. And the crosses with the greatest effects of SCA may be considered in a breeding program for hybrid formation in a short time. These results indicate that in a short time, we can obtain new commercial hybrids, which can be planted in north central Mexico.
